Arthogalin, Cyclic Depsipeptide, Arthothelium galapagoense, Lichen
Introduction
Huneck and Follmann [1] described in 1969 the isolation of the new compound arthogalin from the lichen Arthothelium galapagoense Hun. et Follm. Here we report on the structural elucida tion of this lichen substance.
Results and Discussion
Arthogalin is a neutral compound of the m.p. 285-286 °C and gives no reaction with KOH, NaOCl, KOH + NaOCl, FeCl3 or /?-phenylenediamine. The high resolution MS yielded the for mula C24H 34N 20 6 (found 446.225, ealed 446.242) and the NM R spectrum showed that arthogalin is a cyclic depsipeptide composed of one molecule of phenylalanine, one molecule of valine and two molecules of a-hydroxyisovaleric acid (1 ) . ID and 2D NM R methods including inverse technique were used to determ ine the constitution of artho galin. The p ro to n -p ro to n network and the pro to n -c a rb o n assignment via lJ (C,H) were analysed by H, H-COSY and H M Q C technique and in this way the following subunits could be identified: a-hydroxyisovaleric acid, phenylalanine, and va line. The chemical shifts of two of the subunits were very similar to the shifts of the amino acids phenylalanine and valine. Table I contains the 'Hchemical shifts and Table II The connectivities of the subunits were detected by proton-detected multiple bond 'H , 13C correla tion (HMBC) which indicated C ,H coupling pat terns via "7(C ,H ) (n > 2). P ro to n -carb o n longrange couplings were found between the a-CHprotons and the neighbouring carbonyl carbons with a delay r 2 in the HM BC of 70 ms according to a long-range coupling around 7 Hz. The cou plings via 3 bonds between the a-CH -protons and the carbonyl carbons of the next subunit as well as between the NH-protons and the carbonyl atoms of the amino acids were detected with a de lay r 2 in HMBC of 140 ms according to a longrange coupling around 3 Hz.
Besides the expected Nuclear Overhauser Ef fects in the ROESY spectrum, NOEs were found between H-2 and H-24. The sum of these data es tablish structure 1 for arthogalin.
Arthogalin is optically active and shows a posi tive band at 252 nm and a negative band at 222 nm in the CD spectrum (in dioxane). The question thus arises as to the configuration of the com po nents. To determ ine this, we hydrolysed arthogalin with HC1, derivatised the hydrolysate to form the N-trifluoroacetyl amino acid n-propyl esters and the methyl ester of a-hydroxyisovaleric acid and analysed these compounds by chiral CGC. It proved that phenylalanine and valine both have S configuration while the a-hydroxyisovaleric acid has R configuration. Hence the complete structure and stereochemistry of arthogalin is as shown in formula 1 '.
The presence of peaks at m /z 355 and 403 in the MS of two GLC eluates of the (incompletely) hy drolysed arthogalin confirms once again the se- Recently we have described the new amino acid aminoalcohol esters arthonin [2] and hypothallin [3] from the lichens Arthonia endlichen (Garov.) Oxner (family Arthoniaceae) and Schismatomma hypothallium (Zahlbr.) Hasse (family Roccellaceae) respectively. Arthogalin is the first represen tative of another type of amino acid derivatives, the depsipeptides.
Experimental
NM R experiments were carried out on a Varian UNITY 500 spectrom eter operating at 499.85 MHz (*H) and 125.7 MHz ( 13C). CDC13 so- Hydrolysis of arthogalin and analysis of the hy drolysate. a) Amino acids. Arthogalin (ca. 1 mg) was hy drolysed in a sealed tube with 6 n HC1 at 110°C for 18 h, the HC1 removed by evaporation, the res idue esterified with rc-propanol-HCl, acetylated with trifluoroacetic anhydride and the resulting mixture of the N-TFA amino acid «-propyl esters analysed by GLC on a Chirasil-Val column with N-selective detection. S-Valine and S-phenylalanine were found to be present with an optical purity of 98.7 and 98% respectively. Besides valine and phenylalanine, several other peaks were de tected in the GLC run; these were checked by GC-MS. In addition to small amounts of alanine, serine and aspartic acid, the mass spectra indicated the presence of N-(a-hydroxyisovaleroyl)valine, iso valeric acid (as the N,0-TFA-«-propyl ester deriv atives) and N-(a-hydroxyisovaleroyl)phenylalanine (see Schemes 1 and 2).
b) a-Hydroxyisovaleric acid. Arthogalin (ca. 1 mg) was heated in a sealed tube with 6 N HC1 (400//l) at 110 °C for 18 h, the hydrolysate saturated with NaCl, adjusted to pH 4 -5 by addi tion of Na2C 0 3 and extracted twice with EtOAc (500//l). The extract was dried over Na2S 0 4, the solvent evaporated, the residue treated with diazom ethane and the resulting methyl ester analysed by GLC on a Chirasil-Dex (x-Cyclodextrin-2,6-dipentyl-3-butanoyl) column with FID detection. Comparison with the retention times of the methyl esters of R and S a-hydroxyisovaleric acid (6.57 and 7.32 min for S-and R-respectively) showed that only the R-form is present in arthogalin. The identity of the peak assigned to R-methyl a-hydroxyisovalerate was confirmed by GC-MS: C6H 120 3 (132): m /z (<1%, M+), 90 (38, M -M e -C H = C H 2), 73 (100, M -M e -C O O ), 55 (25, (M e)2C=CH).
